Eucalyptus gunnii Hook microcuttings, obtained in vitro through axillary bud stimulation, show different rooting responses on the same rooting medium depending on the physiological state induced by cytokinins used in the previous multiplication medium. 6-Furfurylamino purine and 6-(4-hydroxy-3-methylbut-2-enylamino)purine induced a physiological state characterized by high sensitivity of microcuttings to the rooting stimulus exerted by the auxin 3-indolebutyric acid, but N6-benzyladenine did not produce the same effect. The former physiological state was characterized by an increased accumulation of two endogenous flavonoids (identified as quercetin glycosides) which may be markers of a well defined physiological state. They could have some direct influence on the rooting processes of the explants cultivated in vitro.
A study has been carried out on physiological aspects of adventitious rooting in Eucalyptus gunnii Hook microcuttings, obtained in vitro through axillary bud stimulation. E. gunnii Hook, a plant cultivated in Italy and in other countries for cut green branches has, in vivo, a pronounced adventitious rooting ability only when the plants are very young. In fact, this capability which is typical for the cuttings taken from Eucalyptus seedlings disappears when the plants, still in juvenile phase, become 12 to 14 months old (6, 10, 13) . Other physiological changes may occur (6, 24) that parallel the loss of the ability to form adventitious roots; for example, the accumulation of some phenolic substances was found to be correlated with the loss ofrooting ability in Eucalyptus grandis cuttings (22) . However, data concerning in vitro culture are not available.
On the other hand, a comparison of the metabolic substances extracted from the plant material in each of the different stages is not always straightforward, due to the wide ' (4, 5) containing BA5; the Hartney medium (13) containing kinetin or zeatin was employed for the activation of the rhizogenetic potential in the explants. During the rooting phase a "medium 0," containing IBA (4), was used (Table I) . IBA was chosen as rooting hormone because it is much more stable than IAA in the culture medium (17) .
Further details on the in vitro culture techniques and conditions are described elsewhere (4) . The duration of each subculture was 1 month, and explants were grown at 26°C, 12 h photoperiod at 3000 lux. The in vitro culture trials had a duration of 3 years. Each year, 600 explants of the same clone, Iflos, (12 replications of 50 explants) were cultured for 5 months on a de Fossard modified medium (A medium). Half of them were then transferred (as microcuttings, 2 cm long) directly onto the 0 rooting medium and the remaining 300 explants were cultured for one additional month on Hartney medium containing different cytokinins before their transfer to the 0 rooting medium (Table II) .
Extraction and Purification of Polyphenols
The polyphenols present in the tissues were extracted via an adapted Van Sumere procedure (29) . Fresh plantlets (20 g for each analysis) were homogenized in a Waring blender with 50 mL of boiling methanol/ethanol 1:1 (v/v), and the mixture was refluxed for 2 h under N2 at 72°C. The extract was filtered, and the residue was extracted twice more as described above. The filtrates were pooled, centrifuged, and partitioned against petroleum ether (b.p. 100-140°C). The alcoholic phase containing the polyphenols was concentrated by evaporation of solvent in vacuo to 5 mL. Before chromatography, the latter solution was brought to 20 mL by addition of a water/methanol 1:1 (v/v) mixture.
Polyphenols were separated by paper chromatography (descending phase) using Whatman 3MM paper and the follow- . At the end of this step, only two eluted spots possessed two absorption peaks around 250 and 360 nm, and for this reason they were considered as likely flavonoids ( 1) . Acid hydrolysis of the two possible flavonoidal substances was carried out with boiling 2 N HCl for 30 min (18) . After hydrolysis, the products were separated and collected by column chromatography using a small glass column (1 cm diameter) packed with polyamide (Carlo Erba, Italy); the column was eluted first with 10 mL of double distilled water (to recover sugars) and then with 15 mL of methanol (to recover the aglycone).
Sugar Analysis
The sugars obtained after hydrolysis were separated and purified by TLC on silica gel 60 F-254 plates with ethyl acetate-pyridine-water 12:5:4 v/v/v according to Mabry et al. (18) ; RF values were compared with those of authentic samples. The zones with sugars were scraped from the plates, and eluted with water (10 mL). After filtration through fiberglass, the eluates were dried in an oven (50°C), and then maintained under vacuum in the presence of P205 and NaOH overnight. The residues were dissolved in 100 ,L of anhydrous pyridine, and the solution was allowed to stand for 15 h to obtain equilibration among the a, A, and y forms. The trimethylsilyl (4) . In fact, a high percentage of explants rooted when subcultured on a medium containing kinetin or zeatin prior to culture on the rooting medium (Table II) .
Moreover, the two different physiological states characterized in the microcuttings by either the absence or the presence of a sensitivity to the rooting stimulus were also shown to be biochemically different. Indeed, the explants grown on medium containing BA (and as such unable to root) showed an extremely low flavonoid concentration, around 0.2 to 0.5 mg/ 100 g of fresh weight (Table II) ; the same explants transferred to jelled media containing kinetin or zeatin acquired rooting ability, and increased their endogenous flavonoids level (8 mg/100 g of fresh weight, Table II ).
The flavonoid glycosides found in the tissues were identified as isoquercitrin (quercetin 3-0-glucoside) and quercitrin (quercetin 3-0-rhamnoside) by HPLC (Figs. 1 and 2) , and their ration in the tissues was 5:1. The two unknown flavonoids had the following retention times: for the first substance, 16.20 min; for the second substance, 15.19 min (Fig. 1) . These two retention times, respectively, corresponded to the values obtained for authentic quercitrin and isoquercitrin (Fig. 2) .
The two identified flavonoids were present in very low concentration (0.2-0.5 mg/100 g of fresh material) in the microcuttings unable to root, and in greater amount (8 mg/ 100 g of fresh material) in the microcuttings possessing rooting ability (Table II) .
The sugar moieties obtained after acid hydrolysis from the two flavonoid glycosides proved to be glucose for the first compound, and rhamnose for the second one; in fact, the two unknown sugars gave rise, under our GLC analysis conditions, to a-glucose (retention time: 12.4 min), A-glucose (retention time: 13.7 min), y-glucose (retention time: 11.7 min), and to a-rhamnose (retention time: 8.2 min) and f-rhamnose (retention time: 9.2 min) forms.
The presence of the aglycone quercetin in E. gunnii grown in vivo has already been reported (14) , but the corresponding glycosides so far have not been identified. Furthermore, the aglycones kaempferol and myricetin, which have been detected in other Eucalyptus species (15), were not found in the Iflos clone. Addition of 1 mg/L of both quercetin glycosides to the rooting medium containing IBA enabled direct root formation in the microcuttings, after their transfer from the growth medium containing BA. The latter medium normally did not allow any root formation (Table II) . Employment of the aglycone quercetin instead of quercetin glycosides resulted in a decreased rooting effect; in comparison with quercetin glycosides, only one-tenth of the rooting was obtained (Table  II) .
These results indicate a correlation between the chemical structure of cytokinins and their effect on flavonoid metabolism. In fact, only two cytokinins among the three tested were able to stimulate the accumulation of flavonoids in the explants. This stimulation of flavonoid accumulation in vitro in a Eucalyptus callus culture by cytokinins has been described by Samejima et al. (25) . This effect also has been reported for tea cell culture (1) . However, no correlation between the amounts of flavonoids produced and the physiological changes occurring in the tissues during growth were investigated. In the case of other genera grown in vitro, qualitative and quantitative modifications of flavonoids metabolism, in comparison with the same plants cultivated in vivo, were found to occur (16, 25) . Moreover, seasonal changes of flavonoid composition were reported for cultivated plants, depending on different physiological states (28) . Our study clearly indicates that flavonoids do not accumulate in the presence of BA, while kinetin and zeatin promote flavonoid accumulation (Table II) . A hypothesis for the observed phenomenon could be formulated as follows: in cell cultures of many different species, flavonoid degradation occurs through oxidative pathways via peroxidative enzymes (2) . BA has been demonstrated to promote peroxidase activity much more than kinetin and zeatin for some substrates (19) . Thus, BA may promote flavonoid catabolism more strongly than either kinetin and zeatin. The promotion of flavonoid turnover by cytokinins has also been reported for in vitro cultured cells of Cicer arietinum (2) .
Previous reports on in vitro cultures of Eucalyptus (3, 6) suggest an inhibitory role for the flavonoids with regard to plantlet development. However, perhaps under the growth conditions used by these authors endogenous flavonoids rapidly accumulated to toxic levels. In addition, the age of the explants used might have had an influence on rooting ability (22) . In our work, the enhanced flavonoid accumulation appeared beneficial for the explants. Indeed, we found the increased accumulation of flavonoids was associated with the highest sensitivity of the microcuttings to the auxin present in the rooting medium. Thus, the two identified flavonoid glycosides can also be considered as markers of a well defined physiological state favorable to adventitious root formation.
The aglycone of these molecules has been described by many authors as an effective inhibitor of IAA oxidase (8, 9, 12) . Moreover, recent research suggests that quercetin is not simply an inhibitor but rather a better substrate than IAA in the peroxidase and oxidase degradative enzymatic reactions (2). It is therefore quite possible that the aglycone quercetin plays an active role in adventitious root formation by maintenance of high levels of endogenous IAA (20, 26) . For the same reason, the IAA derived from IBA transformation by plant tissues (7) may be available for a longer time before its oxidative degradation. However, in the latter connection, the weak rhizogenetic response of the explants to the addition of the free aglycone to the rooting medium must be stressed: the reason why glycosides were more active in promoting rhizogenesis may well reside in their high solubility and stability due to the -presence of the sugar moieties.
Finally, it is worth mentioning that flavonol glucosides have been demonstrated to be energy rich compounds quickly available to the cells via glucosyl transferase reactions (27) although in our case, because of the low concentration detected, they are probably not a significant energy source. 
